Self-injurious behaviour occurs in between 4 and 10% of those who have intellectual disability. An emerging literature demonstrates comorbidity between self-injury and stereotyped and compulsive behaviours and some genetically determined syndromes. Although there is evidence for the efficacy of both psychopharmacology and applied behaviour analytic approaches these are rarely combined in research strategies or intervention studies.
Introduction
Self-injurious behaviour (SIB) in people with intellectual disability has a signi®cant impact on wellbeing and quality of life and presents signi®cant challenges to clinicians. The research literature shows a steady growth with a persistent distinction between studies that adopt an applied behaviour analytic approach and those that view SIB as indicative of underlying pathology. A notable theme in contemporary research is the focus on SIB as one component of a behavioural phenotype. This line of research extends the early interest in SIB in Lesch±Nyhan syndrome to syndromes in which the behaviour is more variable and the potential gene±brain± behaviour pathway less clear. The research studies that delineate behavioural phenotypes stand in stark contrast to those adopting an applied behaviour analytic approach. This research continues to emphasize and demonstrate the in¯uence of social±environmental variables on the expression of SIB and in doing so has re®ned experimental methodology for quantifying the in¯uence of environmental events. Whilst in tandem these two lines of research hold great promise there is little evidence at present that they are being combined. This paper reviews recent research focussing on the prevalence and phenomenology of SIB and co-morbidity with other disorders. Additionally, the research on SIB associated with genetic syndromes is reviewed, as are studies of psychopharmacology and applied behaviour analysis.
Prevalence, phenomenology and co-morbidity
The prevalence of SIB in the total population of people with intellectual disabilities is estimated to be 4% [1 . ]. This study by Emerson et al. con®rms previous estimates using a similar sampling frame. Of interest is the analysis of factors that predict more serious SIB. Using regression analyses these factors are shown to be decreased mobility, decreased communication skills and higher levels of stereotyped behaviours. Using a different sampling frame of the population of individuals with intellectual disabilities known to social services in one part of Wales the prevalence of SIB in those aged 16±64 years is estimated to be 24% [2] . The difference between these two estimates is likely to be attributable to the samples employed and methods of measurement. Despite these differences similar predictors of self-injury are reported by Deb et al. [2] who also note a higher use of medication for those showing injury than those who do not, thus replicating ®ndings in the UK in the late 1980s. The predictors of the presence of SIB are con®rmed in a Norwegian study [3] which identi®es a lower developmental quotient, wheelchair use and hearing and communication impairments as predictive of SIB. In combination these studies identify factors that probably precede the onset and development of SIB and thus may be considered predictive risk markers. However, this conclusion requires examination in a longitudinal study.
Despite the observation that the prevalence of SIB rises until the mid-20s there has been little research which has considered such behaviour in very young children in order to establish when the behaviour might begin. Berkson et al. [4 . ] have shown that 4.6% of children with a developmental disability under the age of 40 months showed SIB which was similar in topography to adults. This ®nding is important as it supports the rationale for early intervention studies despite the use of a small and selected sample. An association between SIB and body rocking is also reported, although this is potentially related to the method of case identi®cation. The ®rst prospective study of the early development of self-injury shows signi®cant increases in self-injury over a 2-year period following onset [5
. . ]. More importantly, increase is related to a signi®cant positive association between the occurrence of SIB and low levels of social contact. This ®nding is consistent with models of the development of SIB as an operant and expands the literature on risk markers.
The prevalence studies described above have con®rmed previously established associations between SIB and other factors. This approach to the study of self-injury is potentially informative as the ®ndings might help develop models of underlying cause. The association between depression and SIB has received increasing attention in the last decade. However, in a study [6] that addressed the potential tautology in previous research (of using SIB as an atypical symptom of depression and then reporting high levels of SIB in those who are depressed) no signi®cant difference in the prevalence of SIB between a high and low mood group was reported. However, the severity of SIB in these two groups did approach signi®cance (U = 39.00, P = 0.06). Whilst the potentially confounding variable of the diagnosis of autism requires further attention, this study did indicate a need for future research in this area.
In the general population pain and the presence of peripheral sensory neuropathy are related to SIB. In the case of peripheral sensory neuropathy this may be related to dysesthesia (abnormal sensations related to lesions of the sensory pathways occurring in the absence of stimulation). Pursuing this relationship in people with severe intellectual disability is dif®cult due to the lack of self-report. Symons et al. [7] attempted to overcome this problem by recording the skin temperature of sites of SIB in order to determine if there was tangential evidence for pain. The authors acknowledged that this strategy could not determine whether pain was a cause or effect of SIB but nevertheless the approach is of interest.
The observation that self-restraint or the preference for imposed restraint is associated to SIB warrants further attention. In a naturalistic study Forman et al. [8] examined the sequential association between selfrestraint and SIB. It is of interest that one form of selfinjury increased signi®cantly prior to an individual selfrestraining. It may be argued that this indicates that selfrestraint is an attempt to control SIB. This line of research has implications for compulsive theories of SIB.
The dynamics of SIB have previously received little attention. However, it is argued that cycle-to-cycle consistency might indicate the extent to which SIB can be considered stereotyped, with implications for determining underlying pathology. Newell et al.
[9] demonstrated very limited variability in the act of SIB in a small number of participants. This strategy has implications for the study of social environmental determinants of such behaviour. Behaviour reinforced by environmental events is unlikely to show stability of cyclicity and its associated parameters.
Self-injurious behaviour and behavioural phenotypes
The initial focus for behavioural phenotype research was Lesch±Nyhan syndrome. Interest in the syndrome as a model for SIB continues although it is debatable as to how representative SIB in Lesch±Nyhan syndrome is of that shown by all people with intellectual disability. Two studies [9, 10] have compared participants with Lesch± Nyhan syndrome with individuals with partial hypoxanthine-guanine phosphoribosyltransferase (HPRT) de®ciency. In both studies it was noted that SIB does not occur in partial HPRT de®ciency. Furthermore in the study by Puig et al. [10] it was shown that six out of 15 participants with Lesch±Nyhan syndrome did not show SIB. However, ®ve of these participants were aged less than 20 months and one was aged 6 years. The assumption that SIB in Lesch±Nyhan syndrome is exclusively determined by underlying pathology was challenged in a prospective study of self-injury [11 . ]. In two boys with the syndrome self-injury was shown to be associated with periods of low levels of social contact over a 2-year period. This ®nding indicates the need for cross-disciplinary research in behavioural phenotypes.
A high prevalence of SIB in Smith-Magenis syndrome of 67±100% was previously reported. Despite the degree of intellectual disability in adulthood remaining stable in individuals with Smith-Magenis syndrome compared with childhood, greater dependence in adults is reported [12] . One interpretation of this is the more severe behavioural disturbance, both aggression and SIB, in adults with Smith-Magenis syndrome. Sleep disturbance in adults with Smith-Magenis syndrome has also been a focus of attention. In a sample of 20 individuals with Smith-Magenis syndrome all were reported to show sleep disturbance with phase shift in the circadian rhythm of melatonin [13] . Additionally, there was anecdotal evidence that behavioural problems were correlated with sleep problems. Using a selective badrenergic antagonist De Leersnynder et al. [14] effected signi®cant improvement of sleep disorder and presented anecdotal evidence of improved behaviour. With regard to SIB this line of research is of interest as any effect on behaviour might be due to resolution of an underlying pathology or an in¯uence on fatigue as a setting event for self-injury. There is good evidence from applied behaviour analytic studies that these kinds of setting events are in¯uential.
Cornelia de Lange syndrome closely followed Lesch± Nyhan syndrome as a potential behavioural phenotype. The prevalence of SIB in Cornelia de Lange syndrome, de®ned as being shown in the last month, is reported to be 63. 6% [15 . ]. Additionally a high prevalence of selfrestraint was shown (53.4%) and a high level of compulsive behaviours (87.5%). These behaviours were related and the presence of both self-injurious behaviour and self-restraint was associated with compulsive behaviours. This ®nding has implications for theories of SIB as a compulsive phenomenon. In a related study [16] parents' causal explanations of self-injury in Cornelia de Lange syndrome were examined. It is clear that parents attribute the cause of self-injury in Cornelia de Lange syndrome to conditions associated with Cornelia de Lange syndrome, such as poor communication and gastrointestinal disorders, as opposed to describing a direct gene±behaviour relationship.
Cri du Chat syndrome has not previously been associated with SIB. However, 92% of individuals with Cri du Chat syndrome show self-injury and 82% show stereotyped behaviours [17 . ]. The de®nition of selfinjury employed in this study was broad and included teeth grinding, vomiting and extreme drinking. There was also no tissue damage criterion employed. The number of stereotypies was signi®cantly correlated with the number of SIBs, thus replicating this co-morbidity seen in those who do not have this syndrome. Similarly, the prevalence of self-injury in Smith±Lemli±Opitz syndrome is reported to be 89% [18] , 68% showing self-injurious behaviour in the last month. It is noted that some head hitting occurred in this syndrome as a result of opisthokinesis (rapid backward head and trunk arching and backward twisting). These two studies show that SIB is common in more syndromes than has been suggested. The repeatedly demonstrated relationship between stereotyped behaviour and SIB warrants further attention. It is also of interest that speci®c topographies of SIB might associate with syndromes via other features of the syndrome, such as opisthokeinesis.
Psychopharmacology
In a double-blind crossover trial of risperidone Zarcone et al.
[19] described a positive effect using the Aberrant Behavior Checklist as an outcome variable. A positive effect for 50% of the sample was reported, as evidenced by a 50% reduction in scores on the Aberrant Behavior Checklist. Further information was given for SIB for which no speci®c effect was evident. The authors also noted the potential confound of the side effect of sedation. Given the potential association between SIB and depression, antidepressant medication has drawn attention. In a single-case study an open trial of sertraline using a baseline intervention single-case experimental design demonstrated a decrease in SIB when the drug was used in combination with a behavioural intervention [20 . ]. Although this trial was open, the long-term effect on chronic SIB is striking. SIB maintained by environmental factors was treated by either haloperidol or behavioural intervention [21 . ]. The results show that the behavioural intervention was signi®cantly more effective than the use of haloperidol.
In one of the few studies to examine the interaction between potential neurotransmitter disturbance and environmental factors on SIB Symons et al. [22 . . ] drew together the methodology of psychopharmacological intervention with lag sequential analysis of social environmental events as determinants of self-injury. Three out of four participants showed a signi®cant reduction in self-injury with the use of naltrexone hydrochloride. This ®nding replicated the previous reports on naltrexone hydrochloride of having a differential bene®cial effect. Of some interest in this study was the examination of the relationship between staff behaviour and the behaviour of the individual showing SIB. Using observational methodology it was demonstrated that following the introduction of naltrexone hydrochloride there was a signi®cant association between verbal and physical prompting by staff and the occurrence of SIB. This association was not evident at baseline. The implication of this study is that the social environmental determinants were more prominent following the introduction of naltrexone hydrochloride. This was one of the ®rst empirical studies to demonstrate a potential interaction between neurotransmitter disturbance and social environmental variables.
Behavioural assessment and treatment of self-injurious behaviour
Following the growth of analogue literature in the applied behavioural ®eld over the last 25 years, there has been an increased interest in the analysis of the naturalistic occurrence of SIBs. This research has helped extend the social and environmental theories of the development and maintenance of self-injury.
One area to be explored is the extent to which the consequences commonly employed in analogue methodology, such as attention or escape from demand, occur in naturalistic settings [23 . ]. Aggression was far more likely to elicit a social consequence than SIB, with attention being the most common consequence for SIB, in line with theoretical models of the development of SIB. A second observational study compared the conditional probabilities of various forms of reinforcement occurring given problem behaviour with the unconditional probabilities of these reinforcers [24] . This approach extends the methodologies available for quantifying the in¯uence of environmental events and advances the understanding of natural responses to SIB.
Other aspects of applied behaviour analysis that have recently received attention include demonstrations that SIB can be multiply controlled by different reinforcement processes [25] and can occur within hierarchies of other behaviours [26] . These studies suggest additional ways in which SIB can be deemed to be an operant and thus environmentally in¯uenced.
Traditionally, functional analyses have focused on the behaviours of teachers and caregivers as the antecedents to and most common reinforcing consequences of SIB. Recently, attention has focused on the effect that transitions between situations and activities can have on SIB [27 . . ]. Clinicians will know that transitions can often evoke challenging behaviour, an issue that is highlighted in this research.
The increased use of functional assessments has promoted interventions that focus on replacing challenging behaviour with communication and there are many studies that demonstrate that this strategy has been effective. Two studies [28, 29] highlighted important but potentially con¯icting information. The ®rst [28] , an examination of behavioural economics, response ef®-ciency and the matching law with regard to designing interventions, highlighted the importance of dense reinforcement schedules in order to maintain the desired behaviours. The second [29] was a consideration of the problem that schedule thinning, commonly used to increase resistance and practicality of interventions, can cause in some behavioural interventions. It was found that a mixed schedule, alternating between signalled reinforcement and extinction was the most effective way of thinning the reinforcement whilst maintaining low levels of SIB.
Conclusion
Research into the prevalence and development of SIB has received increased attention and has contributed to the early-intervention agenda. There is growing evidence that self-injury is common in some syndromes although there is a lack of controlled studies. Whilst theories of neurotransmitter dysfunction and learning continue to develop there is limited evidence that these theories are being meaningfully combined despite calls for an interdisciplinary approach. 
